Abstract
Introduction
For many information systems managers, enduser computing is one of the significant developments of the 1980s. Its emergence has created both opportunities and concerns. On the positive side, end-user computing has off-loaded some application development work, created a greater organizational awareness of the possibilities and limitations of computers, fostered a better appreciation of IS, and helped elevate the position of IS managers (Davis, 1982; Rivard and Huff, 1984) . On the other hand, end-user computing has precipitated critical issues such as data management; education of end users; evaluation, justification, and chargeback of end-user developed applications; coordination and control of end-user activities; and planning for end-user computing (Alavi and Weiss, 1986; Benson, 1983; Henderson and Treacy, 1986; Sprague and McNurlin, 1986) .
The information center is an important response to the need to support end-user computing. In most organizations, an IC is a physical facility where end users can access hardware and software, receive assistance in application development, and obtain training (Sprague and McNurlin, 1986) . In 1985 it was estimated that 40 percent of all businesses had established an IC (American Management Association, 1985) .
The critical success factors approach to identifying management's information requirements is useful because it focuses attention on areas where 'things must go right" if the organizational unit is to be successful (Rockart, 1979) . CSFs are used by and recommended for a variety of managers, including those who manage ICs (Leitheiser and Wetherbe, 1985; Sumner, 1985a; 1985b) .
While several researchers have explored CSFs for IC managers, they have not considered whether these CSFs are equally important or relevant to all ICs. In addition, just as there is an appeal to a stage theory for the evolution of MIS/DP (Nolan, 1979) , it seems logical that ICs go through stages of growth (Lucas and Sutton, 1977) , and that the CSFs at one stage may differ from those at another stage. Understanding the CSFs at various stages is important to all IC managers, especially those that are evolving from one stage to another.
This article suggests both CSFs and a stage hypothesis for ICs. Based on responses from 311 IC managers, the importance of these CSFs and the accu racy of the stage hypothesis are explored. An analysis is performed to create a parsimonious set of composite CSFs. These composite CSFs are then further analyzed to judge their relative importance and the extent to which their importance varies across the stages of IC evolution. Finally, these findings and their implications for IC management are discussed.
Critical Success Factors
In order to operate an organizational unit, the person responsible needs certain information. Several approaches have been suggested for identifying management's information requirements: the by-product technique; the null approach; the key indicator system; the total study process; the application transfer team method; business systems planning; executive applications survey; requirements, needs, and priorities method; and the critical success factor method (Rockart, 1979) . Each method has its advantages and disadvantages and is appropriate under certain conditions.
CSFs are the critical areas of the business that management must constantly monitor-to ensure that the business flourishes. In order for management to monitor these areas properly, performance information is needed. Therefore, identifying these few areas leads to identifying the key information needs of management.
The CSF approach appears to be widely used. For example, Munro and Wheeler (1980) use it determine the information requirements for management control; Meadors and Mezger (1984) apply it to develop a list of priorities for required features of an end-user language; Shank, Boynton, and Zmud (1985) identify corporate information needs in developing a corporate information systems plan.
The literature reveals a substantial list of CSFs applicable to information centers. Leitheiser and Wetherbe (1985) investigate IC successes, failures, and critical success factors. In research based on case studies, Sumner (1985a; 1985b) identifies several CSFs applicable to information centers. Brancheau, Vogel, and Wetherbe (1985) investigate information centers from the viewpoints of the end users and ask them to identify CSFs. Finally, evidence of other CSFs applicable for information centers exists in the form of anecdotal reports in trade journals. These studies collectively identify a total of 22 CSFs relevant to information centers. In addition, a pretest of the questionnaires used in this study reveals four CSFs not discussed previously in the literature. The 26 CSFs and their origins are given in Table 1 . Leitheiser and Wetherbe, 1985; [4] Sumner, 1985a. Gibson and Nolan (1974) are the first to apply the concept of a stage hypothesis to information systems. In their study, they determine that EDP budgets plotted over time assume an S-shaped curve with three distinct turning points, which correspond to major changes or events in the evolution of information systems and mark four stages of growth. Nolan (1979) later expands the four-stage hypothesis to include six stages by essentially dividing the third stage of the four-stage model into three segments. In both versions of the stage hypothesis, benchmark variables are used to identify the stages.
McKenney and McFarlan (1982) suggest that the stages of growth described by Gibson and Nolan (1974) Several studies attempt to find empirical support for different stage hypotheses (Benbasat, et al., 1980; Drury, 1983; King and Kramer, 1984; Lucas and Sutton, 1977) . None of these attempts at validation has been entirely successful. Despite this fact, the stage theory continues to be used, primarily because it has a certain intuitive appeal. It is the 'best known and most widely tested and accepted model for computer and organizational growth and maturity" (Mahmood and Becker, 1986) .
In a study of various aspects of information centers, Sumner (1985a; 1985b, p. 15) concludes that 'the evolution of the information center will follow a stage evolution," and refers to Mills' (1983) descriptions of a five-stage model for IC growth. In the first stage, users satisfy individual data needs by making queries and generating reports. The second stage sees simple applications that require more complex logic. In the third stage, data sharing between applications is recognized and efforts are made to consolidate data, minimize redundancy, and improve data integrity. The fourth stage involves extending existing applications to other uses through the use of sophisticated applications software. The IC becomes a development center that incorporates more traditional systems development techniques and technologies. In the fifth stage, business systems planning for enduser computing begins, and IC analysts move into the functional areas (Mills, 1983 
Research Methodology
To empirically explore the stage hypothesis and critical success factors for information centers, a study was designed and conducted in the spring of 1986. The study objectives were to:
--identify and explore the stages of IC growth --investigate the CSFs for ICs --determine whether composite CSFs for ICs vary in importance among themselves and with the stages of growth A field study using a questionnaire was deemed appropriate to collect the necessary data from IC managers. The questionnaire consists of several parts. First, verbal descriptions of four stages of IC evolution are provided and the IC managers are asked to indicate which stage most closely describes the present status of their IC. They are also asked to assess the accuracy of the descriptions of the stages. The second part seeks data on IC variables of interest: the age of the IC; the size of the IC measured in terms of both the number of full time equivalent staff and the number of users supported; the size of the IC budget; and the size of the MIS budget. Third, the IC managers are asked to indicate on a seven-point Likert scale the importance of each CSF to their IC. And finally, demographic data about the respondents and their organizations is obtained.
The questionnaire was pre-tested with 11 IC managers, and several recommended changes were incorporated into the final instrument. The questionnaire was sent to 1,490 randomly selected subscribers to Information Center magazine. Three hundred eleven usable responses were received, a 21 percent response rate. This is a typical response rate for studies of this kind (Raho, et al., 1987) . Follow-up telephone interviews were conducted with a sample of non-respondents to check for the possibility of non-response bias. Their profile of responses corresponded closely with the initial responses and led to the conclusion that the data collected were representative of the population. The initiation stage most frequently sees the information center evolve out of a need to coordinate the proliferation of end-user computing in an organization: However, some ICs are created to introduce the concept of end-user computing into the organization because of perceived benefits. In either case, the primary goal is to establish responsibility for facilitating and controlling end-user computing and to minimize any disruption that may arise due to the new concepts and technology associated with en_d-user computing.
During the initiation stage, the primary users (clients) of the information center are the pioneers of enduser computing in the organization. These users generally tend to be self-motivated and place few demands on the IC. Hardware alternatives are many and represent those existing prior to the creation of the IC. The variety of software products is limited, as is the scope of the use of such software.
The IC staff is small, consisting perhaps of one or two people. A variety of training methods is experimented. The IC is a centralized organizational unit with limited hardware, software, and personnel at start up and is characterized by informal management practices. Few formally established policies and plans exist. Activities are prioritized on a first-in-first-out basis; other managerial activities, such as performance evaluation, charge back for services, and management control, are also performed informally, if at all.
Stage Ih Expansion. Tills stage sees steep increases in hardware, software, IC staff, and users. It is a period of contagious, often unplanned growth characterized by growing duties and responsibilities for the information center.
The number and variety of users increases, placing a greater demand on the IC services both in terms of the number of requests and the level of expertise needed to respond to these requests. The IC staff moves toward specialization to cope with this increased demand. The training methods used are few asthe staff finishes experimentation and settles for those that work best. The number of products supported increases along with the scope of use of such products.
Managerial activity is sales-oriented and is aimed at encouraging the growth of end-user computing in the organization. Control mechanisms remain lax and informal; few standards are established; planning and performance evaluations are loosely organized; priorities for activities are based on broad guidelines. The IC remains centralized and continues to be responsible for hardware and software acquisition.
The end of this stage is characterized by a crisis for management due to the ~remendous growth in the IC activities and budget.
Data Analysis
The data analysis involves several steps. First, descriptive statistics on variables of interest are computed. Next, the CSFs are factor analyzed to identify composite CSFs. Then, multivariate analysis of variance (MANOVA) followed by multiple comparisons is performed to test whether the importance of the composite CSFs varies with the stages of IC growth. Finally, Student's t-tests are used to explore whether the importance of the composite CSFs varies among themselves. Descriptive statistics were computed for variables related to the respondents and their organizations.
Demographic variables
The survey provides data on the location of organizations included in the sample, the industries represented, and the job titles of respondents. This information is Presented in Figure 1 .
All geographic areas are well-represented, but most respondents are located in the Midwest and Northeast. This is to be expected given the nation's distribution of economic activity. A variety of industries is included in the sample. Seventy-two percent of the respondents are IC managers. The remainder are IC analysts, MIS directors, and other MIS managers and professionals. Because the target population is IC managers, statistical tests are run to determine whether the non-IC managers differ from the IC managers in their responses. The tests, reveal no significant differences in regard to the major study issues: the descriptions of the IC stages of growth, the importance of the CSFs for ICs, and the composite Information Center Stage IIh Formalization. During this stage in the evolution of an information center, the primary objective is to control the runaway growth, particularly the growth in expenditures.
Managerial activities are formally and consciously conducted in an attempt to curb this tremendous growth. This stage is characterized by a proliferation of control mechanisms; formal priority setting for activities; budget justification; performance evaluation; and initiation of standards and chargeback procedures. Formal administrative and supervisory positions are created and filled in the IC to carry out these management control functions.
Users' backgrounds widen to include those from additional departments, such as research and development and public relations. User skills are relatively high, placing demands on the IC staff to possess a very high level of expertise. IC-staff specialization is high.
During this stage, some of the functions of the IC are decentralized to the user departments. These functions include those unique to the user departments, as well as an increased involvement in defining policies and procedures.
Stage IV: Maturity. The maturity stage is difficult to characterize completely because few ICs have reached this stage in their evolution. However, a few trends are emerging. Separate ICs may be created within the user departments, absorbing the functions and responsibilities of the centralized IC. The staffs of these user department ICs are highly specialized to meet the specific needs of the departments, and may themselves go through training to ensure that they possess the requisite skills. These multiple ICs may be independent, having their own budgets and decision-making processes. A major focus is to refine the control mechanisms instated during the formalization stage.
The centralized IC, if it still exists, has responsibilities of a more global nature. Its functions are centered around monitoring and coordinating the activities of the various ICs in the user departments. The manager of such an IC may be a senior executive providing input to the corporate strategic planning process. The collection of ICs in the various user departments is treated as a major corporate resource and is managed and controlled from that perspective.
CSFs and how they vary in importance. Consequently, all responses are retained, and the entire set of respondents is referred to as IC managers in following discussions.
The typical IC
For the respondents, the average IC was 30 months old and had 616 users supported by six full-time equivalent staff members. (See Table 3 .) Of the 311 respondents, 174 (56%) supported both mainframes as well as microcomputers; 40 (13%) supported only mainframes; and the remaining 97 (31%) supported only microcomputers. The smallest IC budget was $2,000, and the largest was $8 million. The mean budget was $656,000, with a standard deviation of $1,051,000. The smallest MIS budget was $100,000, and the largest is $250 million, with a mean of $13,852,000 and a standard deviation of $27,046,000.
Stages of IC growth
Of the 309 respondents who indicated their current stage of evolution, 43 (14%) classified themselves in stage I (initiation) of the four stages evolution. Another 112 (36%) indicated that they were in stage II (expansion). One hundred twentyeight (41%) were in stage III (formalization), 26 (8%) were in stage IV (maturity). Of those already had passed the first stage, only 17 (6%) indicated that they had not followed the stages of evolution. 
Respondents by Geographic Area

Critical success factors
The IC managers were asked to indicate, on a seven-point Likert scale (seven being "high"), the importance of each of the CSFs to their IC. Table 4 provides the mean ratings and the standard deviations for the 26 CSFs. A competent staff, communication with users, and top management support were at the top of the list, with means of 6.6, 6.3, and 6.3, respectively. By way of contrast, establishing chargeback criteria was at the bottom of the list, with a mean of 3.1.
The principal components analysis
A principal components analysis followed by a varimax (orthogonal) rotation is utilized to determine the underlying structure of the 26 CSFs in order to dentify composite factors. The minimum eigenvalue for which a factor was to be retained was specified as 1.0, as usually recommended when deriving principal component factors (Nunnaly, 1967) . The results of this initial investigation reveal seven potential factors satisfying the minimum eigenvalue criterion. However, two or more variables load on only six factors with a loading coefficient of 0.50 or greater. Only one variable loads on factor seven; consequently, retaining seven factors is not appropriate (Nunnaly, 1967) .
Two additional principal component procedures with varimax rotations are utilized, one limiting the maximum number of factors to six and one limiting the maximum number of factors to five. Table 5   Table 4 lists the CSFs that load for each factor when five factors are retained, and Table 6 reproduces the rotated factor patterns for the five-factor solution. The results of the five~factor and six-factor analysis are virtually identical. In the six-factor solution, CSF #2 (a competent staff) and CSF #19 (reliability of applications developed) represent the sixth factor. The remaining 24 CSFs form factors that correspond to the five-factor solution. In the five-factor solution, the factor that includes CSF #2 and CSF #19 is Factor 2, representing the quality of IC support iservices. Including the two CSFs (#2, #19) in Factor 2 of the five-factor solution is considered more logical than treating them as a separate factor.
Twenty of the 26 CSFs load unambiguously (i.e., with one loading of 0.5 and no other Ioadings greater than 0.4). Three of the CSFs (#2, #15, #26) have Ioadings of less than 0.5 (but greater than 0.4), while three others (#12, #17, #21) have secondary Ioadings of greater than 0.4 (but less than 0.5). Given the previously untested nature of the instrume~nt, and the absence of evidence indicating that these six CSFs are not important, eliminating them from further analysis is not considered appropriate. The ambiguous CSFs have been assigned to the factor on which they load the highest. These assignments appear to be conceptually sound and fit with the other CSFs in the composite factors.
In order to test the reliability of these composite factors, Pearson inter-correlations among the CSFs in each factor are used to compute Cron--bach alpha coefficients. The results are also shown in Table 6 .
With regard to acceptable levels of coefficients, several heuristics are suggested. For instance, Nunnaly (1967) proposes a coefficient of 0.80 higher, and Treacy (1985) suggests that a value 0.7 or higher is acceptable. When using a previously unvalidated data gathering instrument in exploratory research, however, a reliability coefficient of 0.50 or higher is considered sufficient (Srinivasan, 1985) .
The reliability coefficient obtained ranges from 0.59 for role clarity (Factor 4) and coordination of end-user computing (Factor 5) to 0.73 for commitment to the IC concept (Factor 1). These reliability coefficients are considered acceptable.
Scores generated for each factor represent a mean of the values of the constituting CSFs. These factor scores are used in later steps in the analysis. Table 7 contains the mean values of the five composite factors for the four stages of IC evolution and across all stages. 
Hypothesis regarding the stages of evolution
The next step in the analysis is to test whether the composite CSFs for ICs vary with the stages of growth. This is accomplished through a MANOVA procedure for significant differences in the five composite factors among the four stages. The multivariate test statistics for overall differences in mean values of the composite CSFs across the four stages of growth are provided in Table 8 . These statistics indicate that the stages of IC growth have a statistically significant effect on the composite CSFs. In addition, the specific nature of these differences are studied through all possible pairwise comparisons. The comparisons indicate that the differences occur in Factor 2 (quality ** = secondary loading of > 0.4000 of IC support services) and Factor 4 (role clarity). Most noteable, role clarity is more important in stage III than stage I of IC growth.
Hypothesis regarding relative importance
The final analysis is to determine whether the composite CSFs (i.e., the five factors) vary in importance among themselves. An inspection of Table 7 suggests that this is indeed the case. In order to test this contention statistically, a series of Student's t-tests for differences in the mean values of the composite CSFs is conducted. The results of this analysis are shown in Table 9 . The rows indicate which of the composite CSFs are Table 7 . For example, the first row (i.e., 1-2) has the comparison between the top rated composite CSF (quality of IC support services) and the second rated composite CSF (facilitation of end-user computing). The columns display the mean values for the four stages and across all stages. The table entries indicate whether the differences are significant (S) or not significant (NS) at the 0.05 level.
In general, statistical differences exist between the mean importance of the composite CSFs. The most notable exception is between role clarity and coordination of end-user computing (i.e., 4-5) stage IV. There is also no statistical difference between facilitation of end-user computing and commitment to the IC concept (i.e., 2-3) in stages I and III. The next issue investigated is whetSer the composite CSFs vary in importance as ICs move through the stages of evolution. This is an important issue in that fundamental constructs (i.e., the composite CSFs) may rise and fall in importance over time. The MANOVA procedures indicate that there are minor differences across the stages for two of the composite CSFs: quality of IC-support services and role clarity. In general, however, it appears that the importance of the composite CSFs does not vary with the stages. This finding does not mean that things do not change within each composite CSF. End-user training, which is a component of IC support services, is a good example. Users' training needs clearly change as users become more experienced and want to utilize advanced software capabilities. In this case, the specific training provides changes, but the need for training remains. As the individual CSFs in each composite CSF are aggregated and considered across the stages, the importance of the composite CSFs remains fairly constant. For IC managers, this means that fundamental constructs will not vary as their ICs evolve. But how these constructs are satisfied may well change over time.
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Even though five composite CSFs exist, the data suggest that they are not equally important. The quality of IC support is the most important, followed by facilitation of end-user computing, commitment to the IC concept, role clarity, and coordination of end-user computing. With few exceptions (e.g., role clarity and coordination of enduser computing in stage I) this rank ordering remains the same through all stages. While all of the composite CSFs are important, the IC manager should be sure to devote attention to the top rated composite CSFs.
The five composite CSFs provide a comprehensive model for IC managers. (See Figure 2. ) Two of the composite CSFs, facilitation of end-user computing and coordination of end-user computing, reflect the two fundamental goals of an IC. Fulfilling these goals is the concern of a third composite CSF: providing quality IC-support services. In order to adequately fulfill its functions, an IC needs to have a clearly defined role within the organization (role clarity) and needs to be recognized and supported (commitment to the IC concept).
Conclusion
This study provides a stage theory for the evolution of an IC. It also indicates the importance of various CSFs for IC managers. Through factor analysis of 26 CSFs creating a parsimonious model of five composite CSFs, it is shown that these composite CSFs vary little across the stages of IC growth but do vary in importance among themselves. These findings should help IC managers understand and manage the evolution of their ICs.
Focusing on what IC managers believe are their CSFs, this study is a descriptive rather than a prescriptive exploration in that the purpose is not to attempt to correlate various measures of IC success with different CSFs. The issue is interesting, however, and merits further research.
In addition to IC managers, the perspectives of IC users and top management are relevant when considering the success of an IC. While their perspectives are probably at least partially reflected by the IC manager's CSFs, the mapping may not be perfect. The authors are currently conducting a study of the CSFs that users have for ICs at various stages of evolution.
